We study the properties of gravity and bulk fields living in a torsion warped braneworld. The torsion is driven by a background vector whose norm provides a source for the bulk cosmological constant. For a vector as the derivative of a scalar field, we find new isotropic and anisotropic thick brane geometries. We analyse the features of bosonic and fermionic fields in this isotropic and in a standing wave scenarios. The background vector provides nonminimal coupling between the field and the geometry leading to modifications in the Kaluza-Klein states. The spinor connection is modified by the torsion and a derivative Yukawa-like coupling is proposed. The effects of these new couplings are investigated.
Introduction
In braneworld paradigm our 4D world is view as a brane embedded in a higher dimensional bulk spacetime. These models provide geometrical solutions for some of greatest problems in physics, such as the the hierarchy problem [1] , the origin of dark matter [2] , the cosmological constant problem [3] and the Big Bang singularity [4] .
The main idea here is to define the gravity and field dynamics in the bulk and obtain the effective dynamics on the brane by dimensional reduction. Several mechanisms were proposed for bosonic, fermionic and gravity fields [5] [6] [7] [8] [9] [10] [11] . The dimensional reduction yields to the standard model (SM) action on the brane and a tower of massive Kaluza-Klein (KK) states. The KK spectrum signals for a physics beyond the standard model [12] .
The extra dimensions also allow us to propose non-standard bulk dynamics and seek for their phenomenological effects on the brane. Notably, models involving supersymmetry [13] , Lorentz violation [14] , noncommutative geometry [15] , orbifold internal space [16] , folded branes [17] and minetic gravity [18] were investigated.
An important geometric extension in Braneworld models is achieved considering a Weyl geometry [19] [20] [21] . In Weyl geometry, the covariant derivative of the metric is proportional to a vector field, altering the metric compatibility. This background vector breaks the spacetime integrability which can be restored provided the Weyl vector be the gradient of a scalar function. For a particular choice of the Weyl scalar potential, thick brane solutions were found in this vacuum Weyl spacetime [19] [20] [21] [22] . This integrable Weyl braneworld share many properties with the Einstein-dilaton brane models [23] . Moreover, Weyl geometries are vacuum sources for bouncing cosmologies [24] .
Another interesting braneworld extension is due to the inclusion of a torsional bulk. Torsion breaks the symmetry of the connection while can preserves the metric compatibility [25, 26] . In string theory, notably the heterotic theory, the skew-symmetric Kalb-Ramond gauge field can be regarded as a torsion source [28] [29] [30] [31] . Thus, the open string spectrum provides bulk extensions of Riemannian geometry. Torsion models can also be found in Mtheory context [32] . Among the torsion effects on the brane we outline the modified black hole horizon [33] , a correction to the brane cosmological constant [34] , a topological mass for the gauge field [35] , CP T violation [36] and the split of the brane in F (T ) teleparallel gravity [37] . Furthermore, the coupling of torsion with standard model fields can yields to Lorentz symmetry breaking [38? ].
In this article we propose a torsional braneworld whose torsion is driven by a background vector, in the so called Lyra geometry [40, 41] . The asymmetric Lyra connection can be recast into a symmetric (compactible) connection by including the torsion terms in the connection coefficients. Likewise the Weyl geometry, the resulting gravitational action can be regarded as a tensor-vector theory [42] . The torsion in Lyra geometry provides interesting isotropic and anisotropic cosmological solutions [43, 44] , as well as modified Kaluza-Klein models [45, 46] .
We construct isotropic and anisotropic branes in 5D as vacuum solutions of tensorvector dynamics. We show that the Lyra background field can be a source for the bulk cosmological constant. By assuming the background vector as the derivative of a scalar field and an independent bulk cosmological constant, pure geometric thick brane solutions are found. We also obtain an anisotropic standing wave braneworld [52] [53] [54] solution in this pure geometric torsion geometry.
The torsion effects on the bulk bosonic and fermionic fields are also investigated. The presence of torsion enables non-minimal couplings providing dissipative and massive terms. Unlike in usual Einstein-Cartan theories, where the torsion breaks the U (1) gauge symmetry, by using the associated symmetric connection, the gauge symmetry is preserved and a scalar coupling similar to a derivative dilaton-Maxwell term is allowed. For massless fermion, besides the modification in the spinor connection, torsion allows a geometric Yukawa-like interaction relating torsion, metric and the fermion. These derivative terms strong modifies the Kaluza-Klein (KK) modes nearby the brane.
This work is organized as follows: in section (2) we review the main properties of torsion in Lyra geometry, discussing the gravitational action and the deriving the modified Einstein equation. In section (4) thin and thick braneworld solutions are obtained with a background torsion and their geometric features studied. In section (4.3), the bulk fields dynamics is analysed in both isotropic and anisotropic torsion solutions. Finally, section (5) is devoted to additional comments and possible future investigations.
Throughout this text we adopt the mostly minus metric signature (+, −, · · · , −). Further, we use capital latin for the bulk space-time indexes A = 1, · · · , D, and greek indexes for the brane µ = 0, · · · , 3.
Torsion in Lyra geometry
In this section we review the definitions and the main properties of the torsional Lyra geometry.
Firstly, let us introduce the notion of torsion in spacetime. In a parallel transport from the point
The connection coefficients induce a covariant derivative in the form
The antisymmetric part of the connection coefficients yields the torsion tensor T M AB := Γ M AB − Γ M BA . Now, we pointed out that, we can introduce the Levi-Civita connection given by the Christoffel symbols of the second kind
, which is a torsion free connection T M AB = 0 satisfying the metric compatibility condition ∇ A g BC = 0. In the bosonic spectrum of string theories the antisymmetric Kalb-Ramond gauge field [28] . The Kalb-Ramond field strength provides a source for the spacetime torsion in the form T M AB = H M AB [29] . The possible torsion geometries can be classified by means of the components of the torsion tensor. A general torsion tensor can be decomposed as [26] 
where
is the torsion axial tensor, q M N P is the null trace tensor, and D is the space-time dimension [26, 27] .
A special example of torsion space-time is given in the so-called Lyra geometry, where the torsion tensor T M AB is generated by a vector field
whereas a vector V M is modified by a parallel transport as
Therefore, the Lyra torsion is a pure trace vector torsion geometry with
2 b M , where the torsion vector b M is called the displacement vector [42] .
Besides torsion, Lyra geometry has a rich notion of scale invariance gauge. In fact, in addition to a coordinate system x M , a reference frame is endowed with a scale function ϕ, i.e., (ϕ, [41] . The scale function Ω is an extra geometric gauge freedom which induces a conformal transformation in the form ds 2 = Ω 2 (x)g M N dx M dx N [42] . The tensor vector b M changes under a scale transformation as
Assuming the Lyra connection is compactible with the metric∇ A g M N = 0, we can obtain an associated torsion-free Lyra connection ∇ L A whose components are given by [42] ,
Note that for the gauge choice Ω = 1 the torsion-free Lyra connection is similar to the Weyl connection [41] . The Lyra connection modifies the Ricci tensor in the form
, where the symmetric part is given by [41] 5) where R M N is the Ricci tensor obtained from the Levi-Civita connection and the skewsymmetric part has the form [41]
. The appearance of a skew-symmetric term in the Ricci tensor is an ubiquitous feature of torsion theories and in Einstein-Cartan models is related to the spin interaction [25] . In Lyra torsion model the R [M N ] term seems linked to the dynamics of the torsion vector b M . The Ricci scalar curvature derived from the Lyra connection R L := g M N R M N for Ω = 1 can be written as [42] ,
where D is space-time dimension, R is the Ricci scalar build from the torsion-free LeviCivita connection and the capital letters represent the indexes in bulk. Likewise Weyl geometry, the torsion tensor can be regarded as an external field modifying the space-time curvature. Notwithstanding, note that the skew-symmetric component of the Lyra-Ricci tensor vanishes when contracted with the metric. The presence of space-time torsion enlarges the possible gravitational dynamics, by allowing new interactions and possibly considering both the metric and connection as independent variables [25] . Nonetheless, in the present work we consider the torsion vector as a background field and assume a metric theory described by an extension of the EinsteinHilbert gravitation action in the form
which yields to the modified Einstein equation
The Einstein equation (2.9) may be interpreted as a tensor-vector-scalar theory of gravity or only a tensor-scalar theory by assuming b M = ∂ M h. This theory is similar to the BransDicke gravity in some special regimes [42] .
It is worthwhile to mention that a kinetic term for the torsion vector can be obtained as
which yields to a Lagrangian similar to the dilaton-Maxwell term αΩ D−2 f M N f M N . Accordingly, considering only linear terms for the curvatures, i.e., without high-order terms in the gravitational Lagrangian, yields to background torsion vector. Further, for b M = ∂ M h, i.e., in the tensor-scalar regime, the term
The effects of the torsion in Lyra geometry were investigated in black holes modified solutions [42] , cosmology [43, 44] and Kaluza-Klein (KK) models [45, 46] . In next section we explore the torsion effects in warped braneworld models assuming the torsion as a source for the thick brane configurations. Furthermore, we point out a possible relation between the Lyra torsion and the Kalb-Ramond field in 5D.
Warped braneworld solutions
In this section we study some brane geometries which are solutions of the modified Einstein equation (2.9).
For a covariant constant displacement vector ∇ M b M = 0 the torsion provides the bulk cosmological constant. In fact, the norm b M b M is a global constant throughout the bulk and hence we can define the bulk cosmological constant Λ as
Thus, for a AdS D bulk, b M ought to be a spacelike vector. Despite being considered here as a background field, the dynamics for the torsion vector b M might be provided from the Kalb-Ramond field. A noteworthy fact is that the KalbRamond is equivalent to a vector field in 5D. In fact, H 3 is a 2-form which can be written as
where f 2 = dÃ 1 is a pseudo electromagnetic field. Thus, the Kalb-Ramond kinetic term S B = H 3 ∧ H 3 is equivalent to a dual pseudo electromagnetic term SÃ = f 2 ∧ f 2 . The Kalb-Ramond free field equation of motion d( H 3 ) = 0 and dH 3 = 0 are ready satisfied, and the field strength can be written as
From the Kalb-Ramond field strength we can obtain the pseudo electric and magnetic fieldsẼ y = ijk 0y H ijk andB i = H 0iy and write the Lyra vector as b M = (0, B ,Ẽ y ). For a pure-gauge configurationÃ 1 = dφ the kinetic term vanishes resulting in a torsion-free gravitational theory. By including the dilaton interactions, this torsion free geometry exhibits conformal symmetry and provides a source for a Weyl geometry [27] . Other possible configurations can arise in vector and tensor spontaneous Lorentz violating theories [38] . Therefore, we speculate that five dimensional space-times are interesting scenarios to seek for torsion Lyra geometry with a Kalb-Ramond source. Henceforward we concern ourselves to D = 5 models.
Isotropic brane
Consider a warped brane metric in the form 4 y + A 0 , providing a thin 3-brane immersed in the AdS 5 RS model [1] .
For a spacelike vector
, the contravariant components are b i = e 2A b i . Therefore, the background vector b i is exponentially suppressed on the 3-brane at the origin. Since the background vector can couples with the standard model fields, as we will discuss in next section, the suppression of this vector might explain the small departure of Lorentz symmetry on the brane [38, 39] .
An interesting interpretation of the torsion in Lyra spacetimes is achieved for b M = ∂ M h(x) from which the Einstein equation with a bulk cosmological constant reads
h is analogous to the stress energy tensor of a massless real scalar field h(x). Assuming that the Lyra scalar field h(x) does not propagate on the brane, the free field equation of motion
The Einstein equation in the extra dimension yields to
thus, the torsion provides a negative term in Eq.(3.5), which possesses solution provided
For the free Lyra scalar A = ln
, and the Lyra scalar field has the form h = tg −1 tanh 2
−2Λ
3 y + c 2 . Therefore, a free Lyra scalar field exhibits a kink-like profile with a localized energy density around the brane at y = 0 and a nonvanishing value asymptotically. In a similar form, accelerated cosmological solutions in 4D were found in bounce models generated by a Weyl scalar [24] . This free field configuration provides a divergent warp factor and thus, an additional mechanism is required in order to trap gravity. Note, however, that a constant derivative h = h 0 satisfies the free field equation with a constant energy density and negative pressure. Thus, the Lyra scalar provides a positive cosmological constant term which opposes to the bulk cosmological constant.
The profile of the free Lyra scalar motivated us to seek for a background Lyra scalar localized near the origin in the form
Using this ansatz, the Einstein equations (3.5) provides the warp factor
where λ measures the width of the Lyra scalar non-constant region. In figure (1) we compare the RS Z 2 -orbifolded solution A(y) = k|y| (thin line) to the smooth warp factor in Eq.(3.7). Thus, remarkably, this pure-geometric braneworld scenarios is equivalent to the thick brane models.
The resulting geometry is a family of asymptotically AdS 5 spacetimes with warped metrics parametrized by the ratio between Λ and λ in the form
This braneworld solution, including the scalar field pattern, is rather similar to one found in teleparallel f (T ) gravity [37] . The profile of the energy density and the scalar curvature are shown, respectively in Figures 3 and 4 . The torsion term in Einstein equation provides a negative pressure that smooths the brane. Considering b M = (0, 0, 0, 0, E y ), the Lyra scalar h behaves as a static potential function E y = ∂ y h whose profile is shown in figure (6) . Thus, the torsion interpolates between these two asymptotic values and it is concentrated around the brane. On the other hand, although being considered here as a background field, a noteworthy property is that the Lyra scalar field in Eq.(3.6) could also be regarded as a solution for the EOM g M N ∇ M h∇ N h = V (h), where V (h) is a exotic modified sine-Gordon potential of form 9) and c = −λ 2 κ 5
2Λ . In figure (5) we plotted this dual potential comparing to the sine-Gordon potential (dashed line). The modified potential has a compact support only near the critical points of the sine-Gordon potential. 
Anisotropic standing wave branes
We consider a warped anisotropic metric ansatz in the form 10) where A(y) and u = u(y, t). The Einstein equations yields to the system of differential equations
11)
13)
14) Note that Eq. (3.14) leads toḣ = 
Λ|y| J 2 6 Λ ωe
Λ|r| Y 2 6 Λ ωe
where J 2 , Y 2 are first and second kind Bessel function of order 2, respectively, and C 1 , C 2 are integration constants [52] [53] [54] . Even though the exponential function allows a finite Y 2 , at the origin, let us consider the Bessel function of the first kind Y 1 only, resulting in
The boundary condition Q(0) = 0 allows only the frequencies satisfying
where X 2,n is the n-st root of the Bessel function J 2 , [52] . Insofar as A(y) > 0, the number of roots of Eq. (3.20) is finite and it can be restricted to one zero at the origin by assuming Q(y) sin(ωt), the solutions where Q(0) = 0 represents a torsion-free standing wave branes.
In the next secton the properties of bulk fields in the isotropic and standing wave solutions are investigated. Once space-time time-dependence enhances the complexity of the field equations, a suitable regime to seek for the geometry effects upon the fields is achieved assuming that the field frequency is much smaller than the standing wave frequency ω. Further, considering the average of the configurations [52] 
the only non-vanishing terms are e bu = I 0 , (3.22)
where I 0 , I 1 are the modified Bessel functions and Struve L 0 , L 1 functions for the arguments bZ.
Bulk fields
In this section we investigate the properties of Bulk fields in this torsion geometry. The background Lyra vector provides non-minimal couplings whose effects are analysed.
Scalar field
In order to study the behaviour of scalar field consider the action for a non-minimally coupled scalar
Using the Lyra connection expression Eq.(2.4), the EOM reads
The torsion coupling 3 4 T P ∂ P Φ provides a dissipative-like term depending on the background vector b M .
Consider the isotropic brane determined by the warp factor in Eq.(3.7). The KaluzaKlein decomposition Φ(x, y) =Φ(x)χ(y), where the scalar field on the brane satisfies ∂ µ ∂ µΦ = m 2Φ , yields the EOM Eq.4.2 to
where p := √ −Λ/λ is a dimensionless parameter. Near the brane, the massive modes satisfy χ (y) + For Λ = −6λ 2 , the change of coordinate z = (1/λ) sinh λy turns the metric into the conformal form ds 2 = 1 1+λ 2 z 2 (η µν dx µ dx ν − dz 2 ). In this coordinates, the KK equation takes a Schrödinger-like form −Ψ + U a (z)Ψ = m 2 Ψ, where . In this regime, this potential enables a normalized massless mode 5) and it shows a gapless KK massive spectrum. For ζ = 0 the analogue SUSY symmetry is broken, albeit the massive tower remains not localized. Further, for a scalar field witout the torsion coupling, the potential exhibits a symmetric profile where the higher ζ is the deeper the potential well around the origin becomes, as shown in Fig.(8) . Thus, for a strong nonminimal coupling the potential approaches a reflectionless potential, as the Pöschl-Teller found in [21] . The torsion coupling breaks the Z 2 symmetry of the potential producing a barrier for z < 0 and a well for z > 0, as shown in Fig.(9) . Moreover, the massless mode is modified by the torsion coupling by 6) thereby amplifying the wave function near the brane and breaking the Z 2 symmetry. Now let us consider the standing wave geometry. For the sake of simplicity, we assume a minimal coupling to the Bulk geometry. By setting Assuming the KK decomposition Φ(x ν , y) = e ipν x ν ξ(y), equation (4.7) takes the form
Once the eikonal functions p ν are unknown, we employ the condition whereupon the standing wave frequencies are much bigger than the field frequencies, thereby leading to
where P 2 (r) = ( e −u − 1)(p 2 x + p 2 y ) + ( e 2u − 1)p 2 z . Due to the complexity of the KK Eq. (4.9) we investigate this equation near the brane y → 0 and in the asymptotic regime y → ∞. Nearby the brane P 2 (y)| y→0 ∼ y 2 , whereas asymptotically P 2 (y)| y→∞ const. Thus, the scalar field exhibits the respective behaviour The inclusion of the non-minimal term 
Gauge field
We begin considering a general gauge invariant Lagrangian for a vector field in the form
where the a trace-torsion vector coupling is
and the axial coupling is
The field strength is defined as
is the torsion-free connection. The presence of torsion usually breaks the gauge symmetry [47] . Nevertheless, the existence of an associated torsion-free connection in Lyra geometry preserves the U (1) gauge symmetry. Further, in Lyra geometry, the tensor S M N vanishes and then we consider the L A,T term only. The coupling between the gauge field and the background vector b C provides a birefringence interaction for the vector field. The norm of the trace torsion vector T C can be interpreted as a kind of dilaton interacting with the spin one field. For b C = ∂ C h, this term can be regarded as a derivative dilaton-Maxwell theory. The resulting equation of motion is
In the isotropic scenario with warp factor Eq.(3.7), by performing the KK dimensional reduction A µ (x, y) =Ã µ (x)Φ(y) and choosing ∂ µ A µ = A y = 0, we obtain the KK equation 
Unlike for the scalar field, the Schrödinger equation is not written in the conformal coordinate due to the presence of the non-minimal coupling. In spite of the analytical form of the function z(y) can not be found in general, the regularity and positivity of z (y) guarantees that some asymptotic and qualitative features can be addressed. Notably, sinceȦ = be −A A the potential vanishes asymptotically provided be −A → 0 as z → ∞. This condition is fulfilled for a covariant constant background Lyra vector b M = e −A (0, 0, 0, 0, b 4 ) and for the scalar Lyra b M = ∂ M h as well.
The corresponding massless bound state has the form
which for a covariant constant background vector provides a constant that can be absorbed into the normalization constant. For
Aḣ which vanishes asymptotically, for h = e Aḣ → 0 as z → ∞, thereby showing a damping effect of the non-minimal torsion interaction to the massless gauge field. Now let us study the behaviour of the gauge field in the standing wave model. We assume a minimal coupling and the anisotropic ansatz
Taking the time average of the y component of Eq. (4.17) yields to ∂ α g αβ A β = 0 and g αβ ∂ α A β = η αβ ∂ α a β = 0, which represent the gauge conditions. The EOM (4.17) on the brane are
Considering the time average of Eq.(4.23) with the gauge conditions provides
In addition, assuming the eikonal form a µ (x ν ) ∼ µ e ipν x ν , the Eq. (4.24) results in
The asymptotic behaviour of the massless mode is (4.27) Therefore, the anisotropy driven by the standing wave brane is enough to trap gauge massless mode.
Fermion field
We propose the following non-minimal coupling of the massless bulk spinor and the torsional geometry 
where 30) which can be regarded as a kind of geometric Yukawa-like derivative interaction between the fermion, the Lyra scalar (torsion) and the metric. The coupling constants 1,2 are dimensionless real numbers. For the isotropic scenario in the conformal coordinate the metric can be written as ds 2 = ηMNθM ⊗θN whereθM = e −A δM M dx M . The Cartan equation dθM + ωM NθN = 0 yields to the nonvanishing 1-form connections coefficients Γμ 5ν = −Ȧδμ ν and Γ 5 µν = −Ȧημν. Thus, the Dirac equation reads
bzdz the Dirac equation leads to
By decoupling the system (4.32), we obtain
Due to the complexity of the fermion potential, we study the properties for each interaction separately. Let us first consider the 2 = 0 case for p = 1. We plotted the analogue quantum potential for the left chirality using λ = 2 in figure (11) and the massless mode in figure (12) . Unlike the scalar field, the non-minimal coupling intensify the interaction between the fermion and the brane by enhancing the potential barrier and the massless mode decay.
By varying the parameter p the width of the potential well increases, as well as the high of the barriers. Besides, figure (13) shows two asymmetric minima inside the volcano well. These minima deforms the massless bound state by shifting their peaks from the origin, as shown in figure (14) . Moreover, the increase of the potential barrier due to p augmented the massless mode localization.
Finally, let us consider the derivative coupling for 1 = 0. This interaction strongly modifies the volcano potential by reducing the width and the depth of the potential well, though keeping only one minimum inside the well, as shown in figure (15) . The corresponding bound state is localized inside the well and its amplitude increase as the brane width decreases, as shown in figure (16). Figure 11 . Potential for the left chirality. Figure 12 . Fermion massless mode. Figure 15 . Left-handed potential with 1 = 0 for λ = 1 (dotted line), λ = 2 (thin line) and λ = 3 (thick line). In the standing wave background, the spin connection has the following nonvanishing Assuming the chiral KK decomposition Ψ(x ν , y) = ψ L (x ν )λ(y) + ψ R (x ν )ρ(y) and considering the standing wave average time regime, the equations for the extra dimension variable are, respectively [52] ,
and
where σ i (i = x, y, z) represent the standard 2 × 2 Pauli matrices. The average momentum components are
where the function Q(y) is the standing wave solution given in Eq. (3.19), L and D are constant 2-spinors. Likewise the bosonic fields considered above, the Eq.(4.35) is too complicated to be addressed algebraically. Yet, we only need to consider its asymptotic form close and far from the brane. Nearby the brane the left and right fermions are λ(y)| r→±0 = Be −2a|y| and ρ(y)| y→±0 = 0, whilst asymptotically they behave as λ(y)| y→±∞ ∼ e −3a|y| and ρ(y)| y→±∞ ∼ e −2a|y| , respectively. The relations above show the standing wave scenario allows a bound massless left fermion on the brane while the right chirality is kept a free bulk state.
Final remarks and perspectives
In this work we proposed torsional 5D isotropic and anisotropic braneworld scenarios whose dynamics is equivalent to a tensor-vector gravity theory. The torsion steams from a background vector in the so-called Lyra geometry.
Inasmuch as the tensor vector is covariantly constant, the squared norm of this Lyra vector can be regarded as a source for the bulk cosmological constant. Assuming the Lyra vector as the derivative of a scalar field we obtained an isotropic scenario similar to the coupled two field Bloch brane [10] . This configuration can be obtained from a self-interacting modified sine-Gordon potential. The profile of such potential exhibits a compact support around the vacua of the usual sine-Gordon potential. The existence of BPS configurations of this potential and the relation with compactons solutions are interesting for future developments [55, 56] . Moreover, the Lyra scalar also acts as a source for a smooth and anisotropic standing wave model. In the isotropic model the Lyra scalar vanishes at the origin whereas the standing wave solution supports a non-zero Lyra scalar on the brane whose cosmological can be further investigated.
The background vector allow us to define non-minimal couplings to the bulk fields. For a scalar field in the isotropic model a curvature mass-like term modifies the interaction between the KK modes and the brane. In fact, for high values of the non-minimal coupling parameter the analogue KK quantum potential tends to a reflectionless potential, as one found in [21] . Thus, this non-minimal coupling reduces the chances to detect massive modes on the brane. For the Abelian gauge vector we proposed a modified kinetic term with a birefringence-like factor proportional to the norm of the Lyra vector. If b M = ∂ M h, this coupling resembles a derivative dilaton-gauge vector interaction. Though more involved, the anisotropy in standing wave geometry enables the existence of a normalized massless mode even without the non-minimal coupling for both the scalar and vector fields.
The spinor connection is modified by the torsion that yields to a derivativeΨiΓ M ∂ M hΨ coupling. In addition, we proposed a non-minimal coupling of form hRΨΨ, which can be considered as a pure-geometric Yukawa-like coupling. It turns out that only the non-minimal coupling leads to relevant modifications to the fermionic KK modes. Indeed, the volcano potential is everywhere positive, whilst a gapless massive tower and a localized massless leftchiral mode are still allowed. It is worthwhile to mention that the KK reduction provides a CPT-odd SME Lorentz violating term iψγ µ b µ ψ [38, 39] . We argue that by considering more non-minimal couplings other SME terms could be generated and their experimental test could be used to obtain upper bound to the bulk-brane torsion. Furthermore, in the standing wave model the Lyra scalar is non zero on the brane what could lead to interesting cosmological effects.
The close relationship between Lyra and Weyl geometries in braneworld models is another topic which was addressed. In a integrable Weyl geometry and using a general conformal invariant action, some pure-geometric thick branes were found [20, 21] . Therefore, the investigation of a pure-geometric thick branes in a conformal Lyra geometry, and the effects upon the fields thereof, it is a worth extension of the present work.
